Interactions are at the core of many ecological and evolutionary forces in nature. interactions provide a rich example of the interconnectedness of living systems, but are hidden 12 from everyday view and overshadowed in the classroom by more popular teaching examples 13 involving animals, reptiles, or invertebrates. To highlight the importance and relevance of plant-14 soil relationships, we devised a simple role-playing activity suitable for college students. 15
Motivation 22
Biological interactions are a predominant way in which students learn about the 23 ecological and evolutionary processes that influence biodiversity. However, most general 24 biology textbooks primarily use animals, reptiles, or invertebrates as case studies to demonstrate 25 the importance of interactions in nature (Uno, 1994; Schussler et al., 2010; Link-Perez et al., 26 2010 ). This contrasts with the fact that (1) plants are ubiquitous, and students encounter them 27 regularly in their daily lives, and (2) most interactions that plants rely on happen belowground. 28
Since it can be difficult to present plants (and especially soils) in exciting ways, many students 29 unintentionally cultivate a fauna-centric viewpoint of the natural world (Wandersee & Schussler, 30 2001). To highlight the importance and relevance of plant-soil relationships, we devised a simple 31 role-playing activity suitable for college students. 32
33
Context 34
Research on plant-soil interactions and their importance in ecology and evolution has 35 blossomed in recent decades. Specifically, feedbacks occur when plants condition soil properties 36 and, in return, are affected by the conditioned soils (Bever, 1994) . Negative feedbacks reduce the 37 performance of individuals of the same species relative to other species, resulting in negative 38 frequency-dependent selection (Packer & Clay, 2000, Mangan et al., 2010) . Positive feedbacks 39 encourage conspecifics to thrive in their respective soils more than heterospecifics, leading to the 40 monodominance of single species (e.g., invasive species). These reciprocal interactions can 41 shape the non-random assembly of plant communities (Bever 1994 ; van der Putten 2013). 42
The activity has two main purposes: (1) to engage students in a more active interpretation 45 and discussion of the interactions between plants and soils, and (2) to connect these interactions 46 to larger concepts of drivers of biodiversity and ecosystem function. This aligns with a core 47 concept in Biology (sensu AAAS, 2011): living systems are interconnected and interacting. Spruce interacts with soil that has been previously conditioned by Spruce, that plant will die. But 62 if the soil has been conditioned by Pine, Ash, or Ailanthus species, the Spruce will survive. 63
The directions for setup are as follows: 64
(1) Split the class so that there are equal numbers of plant and soil players ( Fig. 1a ). Clear 65 enough space in the room so that plant and soil players can stand in two opposing 66 lines with no obstacles between the groups (Fig. 1b ). Soil players each receive one blank notecard and paperclip. Include a pile of paper cutouts of the different plant 68 species (3x the total amount of plant players for each species) to serve as the species 69 pool, as well as a separate discard pile for when plants die and are not returned to the 70 species pool. 71
(2) Each plant player randomly draws one species from the species pool and returns to 72 the line opposing soil players. Record the abundance of each plant species in the 73 community at this initial time point (T 0 ). These abundances are recorded on multiple 74 graphs (one graph for each time point; Fig. 2a ). Note: the game can be purposefully 75 set at different levels of diversity at T 0 . 76
After set-up, the gameplay begins: 77
(3) Plant players approach a random soil player to begin the conditioning phase that We also asked the following question before and after the activity: "What do plant-soil 125 feedbacks make you think of?". Responses that included the words "fungi" or "mycorrhizae" 126 increased 75%, and the word "diversity" appeared only in post-activity responses (7 out of 26 127 responses) (Fig. 2b ). This suggests that students began to recognize how the nature of plant-soil 128 relationships relate to biodiversity patterns. 129
The activity takes ~30 minutes to complete and preceded a brief lecture and small group 130 work in an upper-level Ecology course (24 students, 18-25 years old). Depending on student 131 level and module topic, instructors using this activity could discuss a range of mechanisms, such 132 This activity may be most applicable for small class sizes (20-40 students). In larger 138 classes, this activity could be implemented as a demonstration with student volunteers or during 139 discussion/laboratory sections. We found it best to use paper cutouts and notecards to drive home 140 the role-playing aspects of the game. We have provided resources for teachers to print the 141 species used in the current example (https://github.com/mvannuland/Species_supplies), but the 142 activity is amenable to any suite of species (4-5 plant species is the appropriate number for a 143 small class). With an inexpensive, time-efficient, and engaging activity, we hope to enable 144 teachers to encourage student understanding of prolific, but overlooked, forms of biological 145 interactions that impact the diversity and functioning of ecosystems. Plant survival depends on species, soil, and mode.
